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evidence	 that	 minerals,	 both	 independently	 or	 in	
proper	balance	with	other	minerals,	have	structural,	
biochemical	and	nutritional	functions	that	are	very	
important	 for	 overall	 human	 health,	 both	 mental	




food	 (Anonymous,	 2010;	 Vahčić	 et	 al.,	 2010).	
Twenty	mineral	elements	are	assumed	to	be	essen-
tial	in	human	nutrition:	sodium,	potassium,	chloride,	
calcium,	 manganese,	 selenium,	 iodine,	 chromium,	
cobalt,	molybdenum,	fluorine,	arsenic,	nickel,	silicon	
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tant	 source	 of	 dietary	minerals	 in	many	 European	
countries,	 accounting	 for	 10-20	%	 of	 daily	 dietary	
intake.	However,	the	content	of	major	and	trace	ele-
ments	 in	milk	 depends	 upon	 the	 content	 of	 these	
elements	 in	 soil	 and	cattle	 feed,	which	varies	con-
siderably	among	and	within	countries	(Dobrzański	
et.	al.,	2005;	Malbe	et	al.,	2010).	Also,	the	thermal	








per	 and	 iron	 with	 a	 tendency	 to	 decrease	 slightly	
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during	pasteurization	and	sterilization.	In	milk,	min-












Chemical form and distribution of mineral ele-











































search	 shows	 that	 the	 contents	 of	 magnesium	 and	
phosphorus	 in	 the	 soluble	 phase	 of	 goat	 milk	 are	
66	%	and	39	%,	 respectively,	while	 the	contents	of	
calcium,	magnesium	 and	 phosphorus	 in	 sheep	milk	












Concentration of major mineral elements in  










































sodium	 content	 (Cashman,	 2002a).	Unlike	 other	






























Goat Sheep Cow Human
Calcium	(mg/100	g) 106-192 136-200 107-133 22-41
Phosphorus	(mg/100	g) 92-148 80-145 63-102 12-17
Magnesium	(mg/100	g) 10-21 8-19 9-16 3.0-3.4
Potassium	(mg/100	g) 135-235 174-190 144-178 46-55
Sodium	(mg/100	g) 34-50 29-31 40-58 12-15










Sodium 55 550 180 150
Potassium 150 1590 360 450
Chloride 100 1070 250 300
Calcium 120 1280 290 330
Phosphorus 95 970 260 270
Magnesium 12 130 29 33
114 Š. ZAMBERLIN et al.: Mineral elements in milk and dairy products, Mljekarstvo 62 (2), 111-125 (2012)
	 The	magnesium	content	in	milk	is	not	depend-
ing	 on	 its	 dietary	 intake	 (Cashman,	 2002a).	 The	
content	of	 calcium,	phosphorus	 and	magnesium	 in	
dairy	products	is	shown	in	Tables	2	to	5.	In	general,	
the	highest	quantities	of	calcium	and	phosphorus	are	
found	 in	 hard	 cheeses	 (Parmigiano,	Gouda,	 Edam	
and	Cheddar	 -	 a	 level	 up	 to	 10	 times	 higher	 than	
in	milk).	The	lowest	content	of	these	elements	was	
recorded	 in	cream	and	cottage	cheese.	Magnesium	
content	 in	 cheese	 changes	 in	 the	 same	way	 as	 the	
calcium	content	(Table	5).
Nutritional importance of major mineral elements 
present in milk and dairy products
	 The	 recommended	 daily	 allowance	 (RDA)	 of	
some	major	 elements	 is	 shown	 in	 Tables	 6	 and	 7.	
RDA	 values	 present	 the	 average	 daily	 calorie	 and	
nutrient	intake	that	is	considered	sufficient	to	meet	
the	needs	of	healthy	infants,	children	and	adults.
	 Sodium	 is	 the	major	 cation	 in	 the	 extracellu-
lar	 fluids	 and	 is	 an	 important	 regulator	 of	 osmotic	
pressure,	 acid-base	balance	 and	 cellular	membrane	
potential.	It	is	also	important	for	the	active	transpor-
tation	of	substances	through	the	cellular	membrane.	
The	 contribution	 of	 cow	milk	 to	 daily	 sodium	 in-
take	in	human	nutrition	is	low,	but	cheese	and	some	
cream	products	which	 contain	 added	quantities	 of	
salt,	can	provide	significant	sources	of	sodium.	
	 Chloride	 is	 the	 most	 important	 extracellular	
anion.	 It	 is	 responsible	 for	maintaining	 electrolyte	
balance.	Excessive	intake	of	table	salt	(sodium	chlo-
ride)	 increases	 urinary	 calcium	 excretion,	 which	
negatively	 affects	 bone	 condition	 (Massey	 and	
Whiting,	1996;	Cashman	and	Flynn,	2003).	The	
RDA	of	chloride	is	shown	in	the	Table	7.
	 Potassium	 is	one	of	 the	most	 important	 intra-
cellular	cations.	It	occurs	 in	cells	 in	concentrations	
30	times	greater	than	in	extracellular	fluids.	Extra-
cellular	 potassium	 is	 important	 for	 the	 transmis-
sion	of	nerve	impulses,	muscle	contractions	and	the	
















bones	 and	 teeth	 as	 calcium	phosphate	 and	 the	 re-
maining	1	%	in	extracellular	fluids	and	intracellular	
structures	as	well	as	in	cellular	membranes. 
 Calcium	 is	 responsible	 for	 many	 regulatory	
functions,	 such	 as	 normal	 cardiac	 rhythm	mainte-
nance,	 blood	 clotting,	 hormone	 secretion,	 muscle	





the	 natural	 vector	 of	 Ca	 (Canabady-Rochellea	
and	Mellemab,	2010).	The	RDA	for	calcium	(Ta-
ble	6)	is	difficult	to	reach	without	consuming	milk	





Sodium 750a 80 69
Potassium 15 280 160
Chloride 1150a 170 110
Calcium 15 200 130
Phosphorus 24 170 110
Magnesium 2 19 13
abutter	to	which	salt	was	added.	Butter	without	added	salt	contains	11	mg/100	g	of	sodium	and	17	mg/100	g	of	chloride
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is	 also	 affected	 by	 lactose.	 Furthermore,	 the	 dairy	
products	calcium	bioavailability	is	better	than	of	the	
other	sources,	such	as	vegetables.	This	could	partly	
be	 due	 to	 their	 contents	 in	 highly	 phosphorylated	
fragments	 of	 caseins,	 named	 caseinophosphopep-
tides	(CPPs).	These	peptides	appear	mainly	during	
the	elaboration	of	milk	products	such	as	cheese	or	












when	 young.	 Maximum	 bone	 mass	 is	 achieved	 in	
the	third	decade	of	life	by	providing	sufficient	cal-
cium	 intake	 at	 young	 age.	 It	 has	 also	 been	 proven	
that	bone	mass	is	an	important	factor	in	osteoporosis	






portant	 biological	 functions	 in	 the	 human	 body.	 It	
occurs	as	organic	or	inorganic	phosphate	in	all	body	
tissues	 and	 fluids,	 and	 is	 the	 main	 component	 of	
many	 biological	 compounds,	 including	 lipids,	 pro-











≈10	%	fat ≈20	%	fat ≈35-48	%	fat ≈60	%	fat ≈20	%	fat ≈25	%	fat ≈32	%	fat
Sodium 49 49 37 18 41 53 33
Potassium 120 120 65 55 110 110 92
Chloride 77 80 51 40 81 78 62
Calcium 99 91 50 37 93 86 66
Phosphorus 82 76 50 40 81 73 57





Brie Cheddar Cream Cottage Edam Feta Gouda Parmigiano Stilton
Sodium 700 670 300 380 1020 1440 910 1090 930
Potassium 100 77 160 89 97 95 91 110 130
Chloride 1060 1030 480 550 1570 2350 1440 1820 1410
Calcium 540 720 98 73 770 360 740 1200 320
Phosphorus 390 490 100 160 530 280 490 810 310
Magnesium 27 25 10 9 39 20 38 45 20







0.0-0.5 200 30 100
0.5-1.0 260 75 275
Children
1-3 700 80 460
4-8 1000 130 500
Males
9-13 1300 240 1250
14-18 1300 410 1250
19-30 1000 400 700
31-50 1000 420 700
51-70 1200 420 700
>70 1200 420 700
Females
9-13 1300 240 1250
14-18 1300 360 1250
19-30 1000 310 700
31-50 1000 320 700
51-70 1200 320 700
>70 1200 320 700
Pregnancy
14-18 1300 400 1250
19-30 1000 350 700
31-50 1000 360 700
Lactation
14-18 1300 360 1250
19-30 1000 310 700






0.0-0.5 0.4 0.12 0.18
0.5-1.0 0.7 0.37 0.57
Children
1-3 3.0 1.0 1.5
4-8 3.8 1.2 1.9
Males
9-13 4.5 1.5 2.3
14-18 4.7 1.5 2.3
19-30 4.7 1.5 2.3
31-50 4.7 1.5 2.3
51-70 4.7 1.3 2.0
>70 4.7 1.2 1.8
Females
9-13 4.5 1.5 2.3
14-18 4.7 1.5 2.3
19-30 4.7 1.5 2.3
31-50 4.7 1.5 2.3
51-70 4.7 1.3 2.0
>70 4.7 1.2 1.8
Pregnancy
14-18 4.7 1.5 2.3
19-30 4.7 1.5 2.3
31-50 4.7 1.5 2.3
Lactation
14-18 5.1 1.5 2.3
19-30 5.1 1.5 2.3
31-50 5.1 1.5 2.3








tries	 account	 for	 30-45	%	of	 the	 total	 phosphorus	
intake	(Institute	of	Medicine,	2004).
	 Magnesium	 plays	 an	 important	 role	 in	 many	
physiological	processes,	such	as	metabolism	of	pro-
teins	and	nucleic	acids,	neuromuscular	transmission	







ance	 have	 shown	 that	 16-43	 %	 of	 magnesium	 is	
absorbed	from	infant	formulas	based	on	cow	milk,	




Concentration of trace elements  
in milk and dairy products
	 Unlike	the	major	elements,	trace	elements	are	
present	 in	 the	 human	 body	 in	 the	 concentrations	
lower	 than	0.01	%	of	 the	 total	body	mass.	Of	 the	
20	 essential	minerals,	 14	 are	 trace	 elements:	 iron,	
copper,	zinc,	manganese,	selenium,	iodine,	chromi-
um,	 cobalt,	molybdenum,	 fluorine,	 arsenic,	 nickel,	
silicon	and	boron.	Scientific	researches	on	test	ani-
mals	have	proven	that	some	of	the	above	elements	








However,	 their	 concentrations	 in	milk	 are	 too	 low	
to	pose	 a	 threat	 to	human	health. Like	 content	of	
other	minerals	present	in	milk,	the	concentration	of	
trace	 elements	 (Table	 1	 and	 8)	 is	 not	 constant.	 It	
depends	on	the	lactation	stage,	nutritional	status	of	
the	 animal,	 and	 environmental	 and	 genetic	 factors	
(Cashman,	2002b).	The	content	of	trace	elements	
Table	 8.	Concentrations	 of	 trace	 elements	 in	 goat,	 sheep	 and	 cow	milk	 compared	 to	 human	milk	 (Po-




Mineral	element Goat Sheep Cow Human
Sulphur	(mg/100	g) 28 29 32 14
Iron	(µg/100	g) 36-75 62-100 30-70 26-58
Copper	(µg/100	g) 11 11-88 2-30 22-77
Manganese	(µg	/100	g) 5.5 5.3 1.3-4.0 700ng
Zinc	(µg/100	g) 242 415 74-145 0.38
Iodide	(µg/100	g) 2.1-11 2.0 2.0-6.0 0.5-9.0
Selenium	(µg/100	g) 0.7 0,9 1.3-1.7 1.0-5.3
Fluoride	(µg/100	g) - - 11-21 13-25
Cobalt	(ng/100	g) 270 360 50-130 114
Nickel	(µg/100	g) 0.3-19 5,4 0.4-6.0 0.4-3.0
Molybdenum	(µg/100	g) - - 2.4-6.0 1.0
Boron	(µg/100	g) - - 19-95 -
Bromide	(µg/100	g) 411-503 - 154-293 100
Chromium	(µg/100	g) 0.5-15 0,32 1.0-4.0 4.1
Nitrate	(µg/100	g) - - 20-1240 -
Aluminium	(µg/100	g) 15 51 46 0.06
-	no	data
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in	goat	and	other	milk	types	also	depends	on	the	spe-







and	 metabolism	 (Rincon	 et	 al.,	 1994).	 To	 date,	













	 Increased	 exposure	 of	 dairy	 animals	 to	 grow-
ing	 environmental	 pollution	 has	 also	 increased	 the	
need	 for	 more	 research	 regarding	 the	 content	 of	
heavy	metals	in	milk.	Heavy	metals,	such	as	lead	and	
platinum,	which	can	be	found	in	exhaust	gases,	can	





role	 in	many	 biological	 functions	 (Tripathi	 et	 al.,	
1999).	However,	if	present	at	higher	levels,	they	can	
have	 negative	 effects	 on	 human	 health	 (Brewer,	
2010).	Research	results	show	that	the	consumption	
of	 sheep	milk	 products	 in	 Italy	 leads	 to	 an	 intake	
of	 15	%	of	 the	permissible	 content	 of	 heavy	met-






	 Research	 on	 other	 trace	 elements	 shows	 that,	















explanation	 may	 be	 found	 in	 the	 high	 content	 of	
lactose	 and	 ascorbate	 in	human	milk,	which	 facili-
tates	iron	absorption,	and	in	low	content	of	proteins,	
calcium	 and	 phosphorus,	 which	 inhibit	 absorption	
(Cashman,	2002b).
	 The	 average	 zinc	 concentration	 in	milk	 is	 3.9	




after	 that	 further	 change	 is	 negligible.	Hard	 sheep	
cheeses	 are	 rich	 source	 of	 zinc	 (Samaržija	 et	 al.,	
2005)	due	to	inherent	high	concentration	in	sheep’s	






















to	 better	 absorption	 because	 it	 is	 homeostatically	
controlled,	and	small	quantities	are	better	absorbed	
than	large	(Cashman,	2002b).	
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	 The	concentration	of	copper	in	milk	is	also	re-
duced	by	50	%	 in	the	first	 three	days	of	 lactation,	
but	unlike	iron	and	zinc,	addition	of	copper	to	ani-
mal	feed	increases	its	content	in	milk.	There	is	little	
information	 on	 the	 content	 of	 absorbed	 copper	 in	
the	human	body.	Experiments	on	rats	showed	83	%	
absorption	from	human	milk,	76	%	from	cow	milk,	







whey	proteins,	 and	18	%	 to	 low	molecular	weight	
fraction.	 Research	 results	 show	 that	 manganese	
absorption	 from	 human	 milk	 in	 healthy	 adults	
amounts	 to	 8.2±2.9	 %	 and	 is	 significantly	 higher	
than	from	cow	milk	(2.4±1.7	%),	while	manganese	
absorption	 from	dairy	 infant	 formula	 amounted	 to	
1.7±5.9	 %.	 Nevertheless,	 the	 absolute	 content	 of	
the	absorbed	manganese	from	dairy	 infant	formula	
and	cow	milk	was	higher	than	from	human	milk	be-
cause	of	 its	higher	 inherent	concentration	 in	 those	
types	of	milk.	On	the	other	hand,	studies	conducted	
on	 rats	did	not	 show	any	 significant	differences	 in	
absorbed	manganese	from	human	and	cow	milk	and,	
also	dairy	infant	formula	(Cashman,	2002b).




Also,	 processing	 of	 milk	 can	 diminish	 selenium	
concentration	 (Navarro-Alarcon	 and	 Cabrera-



















is	 bound	 to	 proteins	 (Cashman,	 2002b).	Little	 is	
known	about	the	chemical	forms	of	cobalt,	arsenic,	







Nutritional importance of trace elements present 











Iron	(mg/100	g) 0.05 0.27 0.26 0.23
Copper	(mg/100	g) traces traces 0.02 traces
Zinc	(mg/100	g) 0.4 4.0 0.9 1.0
Manganese	(mg/100	g) traces traces traces traces
Selenium	(µg/100	g) 1.0 11 3.0 3.0
Iodine	(µg/100	g) 15 150 11 74




	 Iron	 as	 an	 essential	 trace	 element	participates	
as	catalyst	in	several	metabolic	reactions.	As	a	com-
ponent	of	hemoglobin,	myoglobin,	 citochrome	and	
















hormones	 that	are	 important	 for	 reproduction	and	
synthesis	of	DNA,	RNA	and	proteins	(Salgueiro	et	
al.,	 2002).	 It	 is	 also	 a	 co-factor	 of	many	 enzymes	
that	 are	 included	 in	 most	 of	 metabolic	 processes.	
Dairy	products	such	as	milk,	cheese	and	yoghurt	are	













	 Manganese	 is	 a	 specific	 enzyme	 co-factor	 in-
volved	in	the	synthesis	of	mucopolysaccharides,	and	
a	 non-specific	 co-factor	 for	 many	 other	 enzymes.	
There	are	several	known	manganese	metaloenzymes	
like	 arginase,	 glutamine	 synthetase,	 phosphoen-
lopyruvate	decarboxilase	and	manganese	superoxide	
dismutase	 (Aschner	 and	 Aschner,	 1991).	 Man-
ganese	 can	 be	 found	 in	 significant	 quantities	 in	 all	
foodstuffs.	Its	deficiency	has	not	been	recorded	as	a	
cause	of	disturbance	or	disease.	Cow	milk	is	a	poor	
source	 of	manganese.	 Its	 contribution	 to	 the	 total	
manganese	intake	in	western	countries	is	low	(1	to	
3	%).	Of	the	total	dietary	intake	of	manganese	only	
3	 to	5	%	are	 successfully	absorbed.	The	 remaining	
quantities	are	eliminated	from	the	body	through	fae-
ces	(Au	et	al.,	2008). 
 Selenium	 is	 the	 main	 component	 of	 the	 en-
zyme	 glutathione	 peroxidase,	 which	 is	 present	 in	
many	types	of	tissues.	In	combination	with	vitamin	
E,	 catalase	 and	 superoxide	dismutase,	 it	 acts	 as	 an	













≈10	%	fat ≈20	%	fat ≈35-48	%	fat ≈60	%	fat ≈20	%	fat ≈25	%	fat ≈32	%	fat
Iron	(mg) 0.1 0.1 0.2 0.1 0.4 0.8 1.0
Copper	(mg) traces traces traces 0,09 traces traces traces
Zinc	(mg) 0.3 0.5 0.2 0.2 0.5 1.1 0.4
Manganese	(mg) traces traces traces traces traces traces traces
Selenium	(µg) traces traces traces traces traces traces traces




	 Low	 selenium	 concentrations	 in	 the	 human	
body	have	also	been	observed	in	New	Zealand	and	
Finland,	countries	with	low	selenium	concentrations	
in	 the	 soil.	 The	RDA	of	 selenium	 is	 shown	 in	 the	
Table	13.	
 Iodine	is	an	essential	component	of	thyroid	hor-
mones	 that	 are	 important	 for	 the	 control	 of	 basal	
metabolism	and	 reproduction.	 Iodine	deficiency	 in	
the	human	organism	can	result	in	enlargement	of	the	

























function.	 Fluorine	 is	 accumulated	 in	 hard	 tissues,	




tional	 function	 is	 not	 yet	 known.	 Arsenic,	 nickel,	
silicon,	and	boron	are	essential	elements	in	animals,	
so	it	can	be	assumed	that	this	is	also	the	case	with	






Iron	(mg) 0.2 0.1 0.1
Copper	(mg) 0.03 traces 0.02
Zinc	(mg) 0.1 0.7 0.3
Manganese	(mg) traces traces traces
Selenium	(µg) traces 2.0 1.5




Brie Cheddar Cream Cottage Edam Feta Gouda Parmigiano Stilton
Iron	(mg) 0.8 0.3 0.1 0.1 0.4 0.2 0.1 1.1 0.3
Copper	(mg) traces 0.03 0.04 0.04 0.05 0.07 traces 0.33 0.18
Zinc	(mg) 2.2 2.3 0.5 0.6 2.2 0.9 1.8 5.3 2.5
Manganese	(mg) traces traces traces traces traces traces traces 0,1 traces
Selenium	(µg) 3.6a 12 1.0 4.0 6.4a 5.0a 8.0a 11 11











chloride,	 calcium,	 manganese,	 selenium,	 iodine,	
chromium,	 cobalt,	 molybdenum,	 fluorine,	 arsenic,	
nickel,	 silicon	 and	boron,	 can	be	 found	 in	 all	milk	
types	 and	 dairy	 products.	They	 are	 present	 in	 the	
form	of	inorganic	ions	and	salts,	or	are	part	of	organ-









































































0,0-0,5 0.27 2 110 15 200 0.003 0.01 0.2 2
0,5-1,0 11 3 130 20 220 0.6 0.5 5.5 3
Children
1-3 7 3 90 20 340 1.2 0.7 11 17
4-8 10 5 90 30 440 1.5 1 15 22
Males
9-13 8 8 120 40 700 1.9 2 25 34
14-18 11 11 150 55 890 2.2 3 35 43
19-30 8 11 150 55 900 2.3 4 35 45
31-50 8 11 150 55 900 2.3 4 35 45
51-70 8 11 150 55 900 2.3 4 30 45
>70 8 11 150 55 900 2.3 4 30 45
Females
9-13 8 8 120 40 700 1.6 2 21 34
14-18 15 9 150 55 890 1.6 3 24 43
19-30 18 8 150 55 900 1.8 3 25 45
31-50 18 8 150 55 900 1.8 3 25 45
51-70 8 8 150 55 900 1.8 3 20 45
>70 8 8 150 55 900 1.8 3 20 45
Pregnancy
14-18 27 12 220 60 1000 2.0 3 29 50
19-30 27 11 220 60 1000 2.0 3 30 50
31-50 27 11 220 60 1000 2.0 3 30 50
Lactation
14-18 10 13 290 70 1300 2.6 3 44 50
19-30 9 12 290 70 1300 2.6 3 45 50
31-50 9 12 290 70 1300 2.6 3 45 50






ever,	 significantly	 lower	 than	 in	 human	milk.	Very	
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Sažetak




mijska	 forma	u	kojoj	 su	mineralni	 elementi	prisut-
ni	je	vrlo	važna	jer	o	njoj	ovisi	apsorpcija	u	želucu	i	
time	njihovo	biološko	 iskorištenje.	Mineralni	sastav	
mlijeka	 nije	 konstantan	 i	 ovisi	 o	 stadiju	 laktacije,	
hranidbenom	 statusu	 životinje,	 okolišnim	 uvjetima	
i	 genetskim	 čimbenicima.	 Cilj	 ovog	 rada	 je	 prika-
zati	 dosadašnje	 rezultate	 istraživanja	 koncentracija,	
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